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1. Introduction 


CCoronavirues are enveloped positive stranded RNA viruses that infect a wide range of 
‘mammalian and avian species. Coronsvirl patil diameter ranges fom 50 to 150 nm and 


beats the characteristic petal- or pear-shaped surface projection, giving ia moephologie 
appearance of solar corona. The Vis particle density tangs from 1-18 10 120 gin 
(Deshmukh and Pomeroy. 1974; Dea eta, 1985. 

“The major structural proteins of coronavirus include a predominant phosphorylated 
rueleocapsid (N) protein with molecular weight (Mr) ranging ftom 43 10 60 Da, 
peplomericalycopteein spike prea, 5} with Mrof 170-200 kDa and a tansmembrane 
slycopotcin (matrix protein, M) with an approximate Mr of 20-30 kDa. The $ protein 
onubutes to the dstintive peplomers on the viral suiface. Some coeonavirwses in the 
ntgenic group IL possess hemagalutinin (HE) thai a dsulide-Lnked dimer of 65 kDa 
Subunits (Dea and Tijssen, 19883: Saif, 1993. 

“Turkey coronavirus (TCV) sone of the major causative agents of infectious dames in 
turkey poults (Dea and Tijssen, 1988). Tukey coronavizal enters is characterized by 
anorexia, watery droppings. marked dehydration, and decreased body weigh gaia (Gonder 
‘tal, 1976) Infeton with TCV causes rapid histopathologic changes inthe mucosa ofthe 
{intestinal tact of ikeys. The major changes ae the granularity ofthe epithelia cell oss 
fof microvilli, margination of chromatin inthe meleus, and increased eelluaity of the 
Tamina propia. These altered physical conditions of the mucosal cell cause flue of 
bsorpon, loss of appetite, and accumulation of Mids and gases inthe intestinal tat, 
resuling i dashes (Deshmukh et al, 1974; Gonder eta. 1976) 

Inthe carly 1990s, repeated outbreaks facut enteritis in young turkey lacks occumed 
in diana, North Carolina, and othe states and contributed to sighicant economic losses 
{nthe US turkey industry. Even atthe pesca tine remains serious heat othe turkey 
producers in Noth Carolin. The estimated loss was elected by morality, decreased eed 
‘ciency, stunting, aod medication cost. The clinical signs ofthe turkey pout enteritis 
‘usually appear at 7-28 days of age and include inappetence. wet deoppings, ruled 
feathers, decreased weigh gain, growth depression, and uneven lock growth. Analysis of 
Intestinal contents fom affected ukeys by election microscopy (END at Animal Disease 
Diagnose Laboratory, Purdue Univers often revealed the presence of coronavirus. The 
clinical signs of turkey pouls wit cute enteritis andthe continuing finding of cornavins 
‘were vty similar fo TC\-induced buscomb disease of turkeys encountered in Minnesota 
{in 1960 and 1970s. The pupose ofthe present study wast demi TCV isolate fom the 
Itestnal contents of turkey flocks with outbreaks of acute enteritis and charsterize 
‘morphological, serological and molecular ropes 


22, Methods and results 


Intestines and intestinal contents were obtained fom 28-duy-old turkey polls fom 
‘Macks which had experienced outveaks of acute enteritis in DuBois county, southern 
Indana. The specimens were homogenized in 5 volumes of Tes-butfered saline (TBS) 
(pH 80) and clarified by centitasation at 8000 for 10 min. The supernatant was teed 
rough 022 um memibeane fier (Milipore Bedford, MA) and inoculated iato the 
ammii cavity of 22-day embryonated tre eggs. Embyo intestines were harvested 
fon day 3 postinoculation. Harvested embeyo intestines were propagated selly in 
fembryonated turkey eg8s for anater Tour passages. 
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Feces or cecal contents fom the affected turkey pouls r inoculated turkey embryos 
ere laid as described above, Clarified samples were ulraenuifuged at 100000 for 
2hhatd‘C Pellets Were resuspended in dsled Water nd one dop of this suspension was 
placed on 200-mesh fonnvar carbon-coatd rd. The grid was negatively stained with 2% 
‘of phosphotngsuc acid, pH 6.5, and examined on an EM Coronavinus particles were 
‘served from the intestinal contents of feces of affected ukey pout from flocks which 
hudexperienced outbreaks of cut enteritis and mostly (Fig. 1). The vr pales were 
spherical, enveloped. and surrounded by regulary spaced petl-or pear-shaped projec 
tions. A double fringe of peplomers could be sen. They were 50-150 nm in dames 
Inoculation withthe vitus-coataining Hluate from the intestinal homogenate did 01 kill, 
turkey embryos, The intestinal wact of inoculated turkey embryos was more distended than 
‘that of nomal turkey embeyos. The intestinal contents were watery ase0us and greenish, 
‘Numerous intact coconvial vision particles similar to those descibed previously Were 
found inthe intestinal contents from the inocu embryos by EM. 

Frozen intestines of affected wey pulser inoculated turkey embyyos were embedded 
inthe embedding medium and frozen sectioned. Acetone-fted tissue sections Were 
incubated with turkey ant-TCV antiserum ina bumidifying chamber trom temperature 
for 20 min, The turkey antiserum specific to the proteeype TCV Minnesota isolate ws 
‘obuained from De. Saif (The Ohio State University. Wooster, O). After washing with 
Phosphate-bafered sie (PES) solution tc tines, intestinal sections were incubated 
With Muoeesceinsehioeyanate conjugated got an-stuskey IgG (H+) (Kiskegaad and 
Peny Laboratories, Gaithersburg. MD) ina humidfying chamber t room temperature for 
240 min Slides wit netna sections were rinsed ar ied. and mounted. The slides were 
‘examined using an UV light microscope Paclet al. 1975), The intestines of alected 
turkey pouls and inoculate turkey emis were positive for TCV using turkey ani-TCV 
anuserum in IFA. The infected epithelial cells had intense bight immunoflurescen 
taining. 


Fr purification of virus, intestines of affected turkey pouls or inoculated turkey 
embryos were homogenized with S volimes of TRS by mottar and pele. After freeze 
nd thaw for dee times and sonicatio, the homogenate was cenuifuged a 8000s for 
20min. The supernatant was ulacenuifuged at 100,000g for 3h dough a cushion of 
15 lof 30% sucrose solution. After resuspeason of the pellet in TBS. the sample was 
layered onthe top of 40-65% sucrose gradient and ulracentfuged overnight at 100.0005. 
Fractions were collected fom the bottom ofthe tubes and both absorbance and Suen 
density ofeach faction were determined 

“Two absorbance peaks conesponding to deasies of 118-120 and 1.14115 pal, 
sespoctively, were cbtained from the scone density gradient purification. Both pesks 
contained intuet coronavsal particles with characterized petal- or pear-shaped surface 
projections revealed by EM. The size of Val particles varied. The peak comesponding 
{0 densities of 1.18-1.20 gia contained woe intact coronvial particles than that of 
{LME-11S gl. The puted virus hemageluinated rabbit eryhnocses with air of 16 
Fractions of both peaks hi infectivity to 22-<ay-oldwtkeyembeyos via ano eviy 
‘ule of inoculation as evidenced by IFA and EM examination of intestines and intestinal 
contents fom inoculated turkey embryos (data not sb). 

"The viruses puitiod by sucrose gradient were solubilized in sample baler (containing 
62.5 mM Tis HCL pH 68, 1% SDS, 10% glycerol, 0.001% hromophenel hive, and 1% 2 
‘mercaptocthanol) and boiled for $min. Sodium dodecyl sulfate polyacrylamide gel 
lectphocess (SDS-PAGE) was euried out usiag the dscomtindous buffer system 
(Laemmli, 1970). Polypeptide bands were revealed by staining the gel with Coomassie 
bilan blue C-280 (BioRad, Hercules, CA) 

‘Protein contents ofthe sucrose gradient pusted viral preparation are shown i Fg. 2 
Lanes 2, 3,4, and $ were loaded with diferent amounts, 10, 20. 50, and 100 us. 


respectively, of the sucrose gradient purified vital preparation. Numerous protein bands 
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\werescon when the loaded amount was more than 50g. The major possi ands could be 
‘rouped into 200, 100-110, 50-60, and 30-35 kDa, Only these major protein bands were 
<etetablein ane 3 where 20 ug of pred virus was loaded. When 10 ug of purified virus 
was loaded ia lane 2 only two bands with molecular weight of 200 and SOKDa were 
detectable 

“Teal RNA was extracted from intestines of inoculated turkey embryos or sucrose 
density gradient puried viral preparations using) acid guanidinium thioeyanate 
Phenol-chiooforn extraction (Chomczynski and Sacchi, 1987)-Olgonueleotie primers 
for RT and PCR reactions were designed frm the SI epion of spike (S) gene sequence of 
ovine coronavirus (BCV) ek and De, 1994), The primes foe st PCR reaction Were 
‘5 (STAATTTACCTGCTGCTAATG3) conesponding to nucleotides from 129819 1314 
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of BCV S gene and S4 (S"TAGTCTTTTTGTAGAGTAATCCA C3’ conesponding 0 
sense of nucleotides from 2274 4 2297 of BCV S gene. The primers for nest PCR. 
reaction were 83 ( ATGIGTGTAGGTAATGGTCCTGG’coresponing wo nucleotides, 
fom 1488 to 1507 of BCV 5 gene and S6 (5/AGCAACTACGAATCATAAAAS) 
‘couesponding to anisense ofthe niclotdes frm 2036 to 2055 of BCV S gene. Revere 
‘tanscription was operated using primer S4 with Supescripe RT it (Gibco-BRL) acco 
Jingo the manufacturer's potacol. The complementary DNA (eDNA) product as prepared 
hove was used asthe template for PCR amplification. For the ist PCR reaction 5 of 
the cDNA wa add wo 45 jl of PCR reaction mixture containing | mM MgCl, 10 mM 
‘iis HCI (pH 83), SOmME KCL 0. mgm! gelatin, 1D mM (cach) ANTPS Promes, 
‘Madison, WH) 1 yg primer $4, ug primer SS, and 25 U of Tag DNA polymerase 
(omega). The reaction mixture was amplified ina Peskin Elmer thermal cycler (Model 
480, Perkin Ee, Norwalk, CT) witha iii denaturation at 94°C for 2 min and 38, 
cycles denaturation (95 "Cfo min}, annealing SSC foe { min), and extension (72 °C 
for min). Nested PCR was cared out using primers 3 and S6 under denial conditions. 
‘The PCR product was ecovered fom the agarose gel, cloned into a pBK-CMY cloning 
vecioe (Suatagene, La Jolla, CA), and vansformed into E.coli DHSa (Gibco BRL} 
‘secordng to the manufacturer's recommendations. Pass containing the PCR insets 
‘were sequenced using the &sDNA ele sequencing kit (Gibco BRL) according 10 the 
‘manufacturer's instruction. 

“A nested: PCR product of S68 bp cleotide fragment was obtained. The 568-nucleoide 
sequence analyzed by the computer program Mezalign (DNASTAR, Madison, WD) for 
‘matching Sequences with BCV-L9 (Zhang etal, 1991; accession number M6667) or 
‘human coronavirus (HCV-OC43)(Kuenkel and Herlr 1996, accession number 232768) 
sevcaled high degre of nucleotide sequence homology among tem. Pairwise comparisons 
‘ofthe nueleoide sequence othe cotesponding S gene sequences of BCV ee HCV-OCIS 
demonstrated 99% of similarity. There was a single nucleotide substitution fom Gto A at 
the poston of 482 inthe TCV sequence (Fig. 9), 


1. Discussion 


‘The ukrastuctra features ofthe viruses characterized inthe present study and the 
consistent findings of viuses with the same morphological proper in samples rom 
lected turkeys, inoculated turkey embryos, and sucrose density gradient pure via 
‘preparations provided morphological evidence thatthe vius is a member of the Co 
‘navirida family. The postive responses of the intestinal epithelial eels of inoculated 
turkey embryos to ani-TCV antiserum in the IFA assay further provided serological 
evidence that these agents were turkey coronavius 

‘The observation of many polypeptide bands when the protsin contents of sueose 
sradient preparation wre analyzed BY SDS-PAGE is most likely de wo coatainaton of 
host roti inthe preparation of eoronaviuses from the infected intestines and intestinal 
‘contents. The sume problem was also encountered ina previous study (Dea and Tijssen, 
1988. The major protein bands of the purified materials wee grouped and compased 
those reported for Minnesota or Quebee isolates of TCV (Dea and Tissen, 198%). The 


learband close to $0 kDa may represent the N phosponveleoprotcin andthe 200 kDaand 
‘faint 100 kDa band maybe the non-spli sndsplit form ofthe Speplomerieglycopeosin, 
‘The wiplts of bands atound 26,30, and 32 Da coespond 10M protein. difuse band 
«an be deduced between 5? and 60 kDa which may represent the monomeric form ofthe 
HE glycoprotein. The HA activity of puriied TCV with ait erytuoeyts was compar 
able w a previous sepot (Dea ea, 198} 

‘The postive RE-PCR reaction of RNA extracted fom the embryo itestnes inoculated, 
with TCV using primers designed from BCV SI gene sequences and the high nucleotide 
identi obtained by comparative sequence analysis ofthe PCR product with the cone 
sponding sequences of BCV ar HCV-OC43 provided molecular evidence thatthe vias 
isolated i «coronavirus, Because thee were no BCV or HCV-OCSS in the laboratory 
‘during the present stud. the oppoctnity of contamination with ithe BCV or HCV-OCA3 
was very unlikely, The postive RT-PCR reaction and sequence of the PCR product 
‘ould refet the nate ofthe isolated TCV instead of contamination of RCV ar HCV- 
(OC43, Nevertheless single nucleotide substiution fom G10 Aas sen, Spike protein 
‘of coconavirus has been know to be impeytant for receptor binding and penetration 
‘of target cll during the infection roces. The single mileoid substtition ftom Gio A 
‘poston 482 may be involved inthe mechanisms of diferent st opis, Further study 
‘on molecular analysis of full-tength $ gene of TCV is regused to elucidate such 
information as well as the genetic relationships among TCV, BCV, and infectious 
Twonchitis virus (BV) 

Tn summary, the present study his provided morphological serological, and molecular 
evidences that the veal agent asocated with the outbreak of urkey poul eaters Was & 
‘coronavirus, which has heen suceesflly propagated in turkey embryos via amniovic 
inoculation. 
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